Due to increasing safety standards in air transport, the emphasis is put on human factors in this domain. This regards especially the improvement of piloting precision during flight training and the elimination of internal and external influences with negative effect on pilots. This paper is focused on evaluation of pilot's psychophysiological state during flight training on a simulator and in an aircraft and also on pilot's reaction on transfer from analogue to digital visual presentation of avionic data. The best indicator for evaluating human's psychophysiological condition could be a heart rate because of its descriptive activity of human heart and its psychophysiological character based on sympathovagal balance of autonomic nervous system. This paper is oriented towards description and comparison of the most common methods for physiological parameters assessment, i.e. time and frequency domain analysis and non-parametric methods analysis. The paper also describes a wavelet transform. The results show that not every parameter resulting from each analysis could be a good indicator describing pilot's stress. Results also show which parameters might work as good indicators of pilot's stress -those are LF/HF ratio and parameters measured by wavelet transform. Best way to define pilot's stress on simulators in real time indicates to be wavelet.
Introduction
Due to increasing safety standards in air transport the emphasis is focused on human factors in this domain. This regards especially the improvement of piloting precision during flight training and the elimination of internal and external influences with negative effect on pilots. But in last years the International Civil Aviation Organization (ICAO) and the European Aviation Safety Agency (EASA) create the Alternative Training Qualification Program (ATQP) and Evidence-based Training (EBT) [1, 2] . Both of these programs focus not only on improving the functioning of the general structure of air carriers but also on identifying the physiological functions of crew members using different tools. Both of the alternative programmes are oriented to the specific needs of the airline, the diversity of the crew members and especially the pilots.
In that case training itself and the standards of training are increasing. But still 60% to 80% of accidents were caused by human errors and 50% of them directly by pilots [3] . In spite of the advanced technology it is necessary to determine what exactly causes the accidents. It seems that the level of pilot training and the level of pilot's aviation experience affected his/her mental and physical state during the flight. Previous studies [4, 5, 6, 7, 8, 9] also confirmed that pilots' psychophysiological parameters provide information about mental and physical condition.
Among the simplest and most commonly used methods of examining the individual's biological signals belongs electrocardiography. This method provides information on cardiac activity (especially regarding heart rate) from which it is possible to read and measure the basic psychophysiological parameters of a measured subject [10] . The heart rate desribes activity of the human heart and its psychophysiological character influenced by the sympatovagal balance of autonomic nervous system (ANS). More precisely the ANS sympathetic and parasympathetic components are activated. Sympathetic component stimulates cardiac action through nervi cardiaci, i.e. RR interval is shortened, and parasympathetic component cardiac action decreases through rami cardiaci from nervous vagus, i.e. RR interval is prolonged [11, 12] .
Many foregoing studies [7, 8, 9, 13] processed measured data by standard methods. This paper is oriented towards description and comparison of the most common methods for physiological parameters assessment (from time domain, frequency domain and non-parametric methods) and also describes a wavelet transform, method that analyses heart rate signal both in time and frequency domain.
Wavelet Transform (WT) was developed at the end of the 20th century by evolving the Short Time Fourier Transformation (STFT). Wavelet transform is based on high frequency waves with limited time of its duration. It serves mainly to process non-stationary images and signals that can be analyzed in both frequency and time domains. Therefore, WT appears to be a suitable tool for spectral analysis of data with information on occurrence of individual phenomena. The greatest benefit of WT is its ability to analyze the signal locally with a variable scale, i.e. to adapt the characteristics of analysis to the character of the signal to obtain optimal settings. Wave transformation is also referred to as a multiscale analysis or a multiresolution analysis due to how it functions. It is mainly used for processing and evaluation of signals or data. Due to WT's properties it can be used for a decomposition of the signal on the base part or its compression to detect the position and the length of a given phenomenon or for a recognition of a discontinuity of signal. Its practical applications range in a wide spectra of areas. For this contribution it is beneficial to use it in the analysis of biosignals, especially the ECG, primarily with regard to the large number of minor fluctuations for which the time and frequency information must be known. In terms of the ECG signal WT can replace the standard spectral analysis by which power is obtained in the individual spectral areas. Added value of WT is time information about specific frequency changes [14] .
Pilot's psychophysiological state data were obtained during measurements on predetermined flights on flight simulator and real airplane with analogue and then with digital visualization of flight data (Glass Cockpit).
Materials and Methods

Participants and measurement procedure
The group of participants was made up of 10 healthy pilots in training all with the same level of experience. The group consisted of 8 men and 2 women with an average age of 22±5 years. The main prerequisite for being included into the study was successful completion of psychological and knowledge tests. Used psychological test created by the Institute of Aviation Health examined the emotional resilience of the candidates and their attention. The knowledge test was focused on knowledge of flight basics and aeronautical regulations. Furthermore, participants had to meet the criteria for medical fitness according to Annex IV and had to be without flight experience, i.e. participants could not hold a pilot license of any type (ULL, PPL or higher).
The measurements were made using a TRD40 type flight simulator and real airplane Diamond DA40. In both the simulator and the aircraft the analogue visualization of the flight and navigation data was as usual, the so-called "Basic-T" layout. In the case of digital visualization (Glass Cockpit) the cockpit dashboard was equipped with an integrated aircraft instrument system Garmin G1000. Real flights took place at Kosice International Airport (ICAO code -LZKZ). For reasons of consistency of measurement for future comparisons flights were conducted under the same meteorological conditions without or with low cloudiness and under standard flight conditions with a visible surface of the ground (VFR flight).
Each of the pilots also had to complete the prescribed route with predefined flight manoeuvres ( The whole training consisted of 19 flight sessions with the series of manoeuvres described above repeated during each flight. Participants first took a flight simulation training session (11 lessons), then performed one real flight and then attended three additional training sessions on the simulator. All of training in a cockpit equipped with analogue display was ended with two real flying lessons. The last two lessons took place in digital flight data display (Glass Cockpit) cockpit. The pilot's heart rate measurement was recorded during the selected flights -on flights with an analogue display during the second (T2M) and eleventh (T11M) session on simulated flight and during the twelfth (L12M) and seventeenth (L17M) lessons on real flight in the aircraft. Glass cockpit measurements were recorded in both cases, on the simulator (T18M) and on the aircraft (L19M) (Fig. 2 ).
Measuring equipment
Due to advanced technological progressions a new form of remote human and animal health monitoring can be usedthe biotelemetric system. Mobile telemetry system of biological parameters serves for reading and wirelessly transmitting measured data of selected biological parameters to a computer or other electrical equipment. Most of these systems use internet, wireless communication protocols (e.g. Bluetooth) or wireless mobile networks to transfer measured data. A typical biotelemetry system includes sensors tracking specific signals, a battery, an antenna, a receiver and an imaging unit. It is about facilitating not only medical care but also other areas of life, for example in the sports, science and technology sectors and in all other areas where biosignals are being explored [15] .
For the purpose of this paper pilot's psychophysiological parameters during each flight were measured by FlexiGuard (FG) system. FG is a portable telemetry system that monitors in real time physiological state of the pilot and the parameters of the environment in which the subject is currently located. The system consists of three basic units. The first component is a sensing unit (the sensor itself) that records desired values and then sends it via the wireless system to the second unit -the central unit. It functions to collect data from sensors, store them and partially evaluate them. Finally, the data are sent via the ANT + wireless connection to the third part connected to the computer, to the visualization unit [16] . For the monitoring of heart rate telemetry system was equipped with a commercial chest belt by Garmin R . The ECG sensing electrodes in the right and left zone of chest belt can recognize QRS then system can determine the heart rate and the number of RR intervals. The signal in the form of RR intervals over the measured time period was further evaluated by the selected methods.
Physiological parameters evaluation methods
Because of the non-linear disposition of autonomic neuronal regulation, only RR interval values were used to process heart rate data. The RR intervals was processed by the HRVAS, a heart rate variability (HRV) analysis tool developed using MATLAB. HRVAS can decompose and filter IBI (inter beat interval) and can perform time domain, frequency domain, time-frequency, Poincare and nonlinear HRV analysis. HRVAS also can convert measured data displayed only in a text format into numbers in a neat table where the individual measured values can be seen. The table consists of 4 rows and 105 columns. The table contains all measured physiological data about the individual during one flight, so it consists of information about the parameters from the frequency domain (see Tab. 1), the time domain (see Tab. 2) and from the nonlinear analysis (see Tab. 3). Correlation dimension, which estimates the minimum number of variables required to construct a model of system dynamics.
Statistical analysis
To determine the validity of each parameter, each of the parameters was subjected to statistical analysis based on the comparison of intergroup differences, where these groups represent the individual training phases (flight hours). One flight is composed of 12 manoeuvres for all subjects separately, i.e. one group represents 120 measurements characterized by the selected parameter in one flight hour. The standardization of the data was performed before unification of the results of individual subjects. The standardization was implemented in a form in which the distribution of calculated parameters from a single flight (manoeuvre) by a particular subject was unified to an average value equal to 0 and a standard deviation equal to ±1. This procedure was realized to avoid inter-individual variability (for one subject during training) and intra-individual variability (between subjects).
Due to the fact that these are dependent measurements it was necessary to use double-test for statistical analysis. In addition, statistical testing was conditional on the distribution of test groups and therefore normality testing was performed. This test was carried out using a Jarque Bera test [17] which tests null hypothesis that the data under consideration origi-nates from a normal distribution compared to an alternative hypothesis stating that these data from normal distribution do not occur at a significance level al pha = 0.05. For p < 0.05, it is not possible to reject the zero hypothesis. In addition to the using the two-sample test, it is necessary to use non-parametric testing. For the above mentioned reasons Wilcoxon's twosample test was used for further statistical analysis. This test assumes that both selections with continuous distribution functions have the same probability distribution. This test is equivalent to a parametric two-sample test, but compares variance and expected value [18] . However, in this paper there are more than two measured files, therefore Bonferroni correction is needed. Bonferroni correction is used when it is necessary to compare three or more measured groups. If a significant difference in the test is needed Bonferroni correction will point out to pairs between where there is a statistically significant difference.
Results
The pilot's training data were processed using proposed methods in the time, frequency, time-frequency domain and nonlinear analyses. The distribution of the selected parameters throughout the training is presented in the form of boxplots. The Wilcoxon test was used to determine the statistical differences between phases. Due to the fact that 15 pairs of data were compared in a presented way the test was extended by Bonferroni's correction. In this section only two results are shown. This is the LF/HF ratio in the frequency domain (Fig. 3) and then in the wavelet transform (Fig. 4) . The LF/HF is mentioned for its best expression of the pilot's psychophysiological state during the flights. Table 4 
Discussion
For the purpose of the analysis standard methods have been chosen but these methods have many limitations, especially time domain analysis. For this reason, other approaches had also been chosen that should better present physiological data taking into account their nature. From the results presented in the previous chapter it is obvious that most of the selected parameters show the same trend -increasing workload during a new session and decreasing workload during repetitive session. Thus there is an increase and decrease of values according to certain types of flights -simulated or on an aircraft. More specifically, in LF/HF in the frequency domain and in the time frequency domain it is possible to see the difference between the measured values during various flight lessons. Although there is no statistically significant difference between T2M and T11M the overall sympathetic rate of subjects has decreased. Therefore, it can be assumed from a given measurement that after 10 lessons on the simulator the subjects calmed down and thus were under less stress. For real flight measurements, the difference is not very obvious, on the contrary the L17M value appears to be greater than L12M. However, the deviation is subtle. The biggest difference between the measured values, however, is evident between the simulated Glass Cockpit flight (T18M) and the real Glass Cockpit flight (L19M). This difference indicates that the subjects were under greater workload when flying in airplane. After the decomposition of the signal over time it is possible to determine when the WT has exactly increased the load on the given subject, or it is possible to precisely define the time and hence the phase of the flight during which the load has increased to the psychophysiological condition of the measured individual. By using the WT for the decomposition of the signal over time it is possible to determine when exactly had workload of a measured subject increased.
Predicted trend of the presented parameters can be found throughout the training. Particularly in the wavelet transform analysis, this trend can be found with a large number of parameters, not only in LF/HF ratio. Because of strictly set training, this trend should occur, so it can be assumed that these parameters can be considered appropriate for the analysis. Similarly, in assessing the similarity of individual flight phases wavelet transformation can generally find a number of significant transitions between individual flight phases. Based on the above mentioned facts, we can assume that wavelet transformation is usable as a credible tool for objectivizing aeronautical training. Other analyses, especially time domain analysis, were unable to analyse the data in the required way based on assumptions derived from the set training.
Conclusion
All analyses performed for the purpose of the presented research were carried out post-hoc, i.e. after the measurement of the complete flight data. In this respect, there is currently an important opportunity to upgrade research to the next level through online monitoring and assessment of the pilot's status and the course of its flight. In this case, the instructor should be provided with information on the change of psychophysiological status and the course of the flight immediately during the flight which could serve as an immediate feedback to the instructor. Consequently, the concept can serve as base for further research into the development of EBT and ATQP. Its benefits can therefore be utilized to streamline training which brings benefits in terms of reducing the cost of training itself and adjusting training for each individual subject on the basis of an objective (and subjective) assessment of pilots' skills.
Individualization of the training can lead to a deepening of pilots' knowledge and to reinforcement of his / her skills due to the elimination of redundant training in the area where the subject is well-trained and focusing on the problematic parts of training of the given subject, to shift individual training forward. However, the use of the concept itself requires further investigation in this regard. The limitation of research is smaller number of measured subjects who participated in the measurement. To further explore this issue, it is therefore advisable to increase the number of measured subjects and thereby create a larger database of results that can support the advantages of WT during flight.
